Dihydroorotate induces Ca2+ release from rat liver mitochondria: a contribution to the mechanism of alloxan-induced Ca2+ release.
The present work deals with the effects of alloxan on rat liver mitochondria, involving formation of toxic oxygen derivatives and Ca2+ release, and its relations to a physiological pathway, pyrimidine biosynthesis, particularly dihydroorotate dehydrogenation. Ca2+ release by intact isolated mitochondria was studied and redox transfer from solubilized mitochondria to 2,6-dichloroindophenol in the presence of cyanide. In intact mitochondria 5mM dihydroorotate caused a Ca2+ efflux comparable to 2mM alloxan. Both effects were suppressed by orotate, a potent inhibitor of dihydroorotate dehydrogenase, and by ADP, an inhibitor of the alloxan effects. In lysed mitochondria orotate but not ADP inhibited ubiquinone-linked reduction of 2,6-dichloroindophenol with dihydroorotate and with alloxan in a concentration-dependent manner. It is concluded that in vitro part of the redox cycling of alloxan is catalysed by dihydroorotate dehydrogenase whereas the nonsuppressible part reacts nonenzymatically. Without ADP the respiratory control blocks the reoxidation of coenzyme Q via the respiratory chain, thus giving preference to the regeneration by artificial electron acceptors, e.g. oxygen, yielding superoxide radicals and hydrogen peroxide, a notorious inducer of Ca2+ release. In vivo the enzymatic reoxidation of reduced alloxan by dihydroorotate dehydrogenase may be superior to the non-enzymatic pathway since the nonenzymatic fraction of reoxidation decreases with decreasing alloxan concentration.